We describe the relationships between dog owners' personality attributes (assessed via 8 questionnaire),their behaviors and the dog's behaviors observed during brief dog-owner 9 and dog-stranger interactions (N = 78). Interactions comprised the owner commanding 10 the dog to sit, and the stranger showing a ball to the restrained dog and then hiding it. 11
Introduction 19

Dog-human relationship 20
Humans engage in heterospecific interactions with a variety of agents ranging from 21 different animal species (e.g. Podberscek, Paul, & Serpell, 2000; Robinson, 1995) to 22 social robots (Thrun, 2004) . Among these interactions the perhaps most widely studied 1 one is the human-dog interaction. 2 Dogs are among the most popular pets in the western world (Hart, 1995) and are 3 present in almost every human society worldwide (Serpell, 2003) . They have evolved 4 specialized skills for reading human social and communicative behaviour, which 5 enabled them to perform tasks to assist humans (e.g. the comprehension of human 6 pointing gestures is a basic skill in assistance dogs or following human gaze is useful in 7 everyday cooperative situations) (Cooper, becomes evident through behavioural preferences (Wickler, 1976) . 12
Dog-human interaction and the role of personality 13
Variation exists in the relationship between owners and their dogs and in the function 14 of such relationships (Hart, 1995) . There are highly coordinated owner-dog units, such 15 as blind owners and their guide dogs (Naderi, Miklósi, Dóka, & Csányi, 2001 ), while 16 there are dogs that would not even reliably return when called (Serpell, 1996) . The 17 personality of the owner might affect the type of relationship he or she prefers to foster 18 with a companion animal. Previous studies reported associations between the owners ' 19 and dogs' personality, for instance, Podberscek & Serpell (1997) showed that owners of 20 highly aggressive English cocker -spaniels were emotionally less stable, shy, 21 undisciplined and more likely to be tense than owners of low aggressive spaniels. More 22 recent studies also found some degree of similarity between the owners' and dogs ' 23 personality profile (Turcsán, Kubinyi, Virányi, & Range, 2011 conscientiousness. Neuroticism refers to the tendency to be anxious, insecure, and self-4 pitying versus calm, secure, and self-satisfied . Extraversion refers to the tendency to be 5 sociable, fun-loving, and affectionate versus retiring, somber, and reserved. Openness 6 refers to the tendency to be imaginative, independent, and interested in variety versus 7 practical, conforming, and interested in routine. Agreeableness refers to the tendency to 8 be softhearted, trusting, and helpful versus ruthless, suspicious, and uncooperative. 9
Conscientiousness refers to the tendency to be organized, careful, and disciplined versus 10 disorganized, careless, and impulsive. The questionnaire consisted of 44 items (e.g. "I 11 see myself as someone who is sometimes shy, inhibited") and the owners had to rate 12 themselves on each item using a five-point scale (disagree strongly -agree strongly). 13
After the owners completed the questionnaire the dog and the owner entered the test 14 room (6.3 m x 4.8 m) together with the female experimenter (E). The test consisted of 15 two phases where we observed human-dog interaction with the owner and the 16 experimenter, respectively. We applied two short scenarios that also resembled to 17 everyday life events. First the dog had to accomplish a simple and already known 18 command that was given by the owner in a somewhat novel context. Then a stranger 19 manipulated a ball calling the dog's attention to her actions in a social learning-like 20 communicative context. 21
In the first test phase (approximately 30 s) the owner was instructed to make the dog 22 sit in the middle of the room as he/she usually does and to walk around the room while 23 the dog was expected to stay at the same place. After walking around, the owner 24 to get its attention while standing next to the dog-owner pair, then she walked to the ball 5 without looking at the dog. E picked the ball up, and said "Schau mal!" (the German 6 equivalent of "Look!") to the dog. Next she walked to the screen and hid the ball behind 7 it, then walked back to the subject showing her empty hands (video: 8 http://www.cmdbase.org/web/guest/play/-/videoplayer/24). 9
Both phases were videotaped with a four-camera-system for later analysis. 10
Data analysis 11
Five behaviour variables were analysed to describe the dogs' reactions during the Figure 2) showed that the first axis (explained variance 42%) was associated positively 6 with the owners' scores on extraversion and negatively with the scores on 7 agreeableness. The second axis (explained variance 28%) was associated positively with 8 the owners' scores on openness and negatively with the scores on conscientiousness. 9
Owners' neuroticism was associated positively with both axes to some extent. 10
The treeplot of the RDA provides information also on the relationship between the 11 owners' personality traits and the behaviour of the dyads; the physical distance between 12 the lines connecting the personality factors (plotted as gray triangles) to the origo and 13 the behavioural variables (plotted as black dots) means relatedness. Owners' 14 neuroticism was associated with the dogs' accomplishing the "Sit!" command with a 15 higher latency and looking more to the experimenter in the second phase. Furthermore, 16 neuroticism and openness traits were positively related to the number of hand signs and 17 commands the owners used in the first test phase (total number of commands, attention 18 getters, and verbs). The owners' extraversion trait was also related to the number of 19 praise the owners used in this phase. Moreover, owners who rated themselves higher on 20 extraversion had dogs which looked with a higher latency at the experimenter and spent 21 more time looking at her in the second test phase. Dogs with highly agreeable owners 22 spent more time looking at the ball in the second test phase. 23
Discussion 24
Analysing dog-human interaction 1
In the present paper we described the social interaction of dog-human dyads while 2 accomplishing simple tasks and revealed that the owners' personality relates to the 3 observed behaviour in dogs. The main advantage of the present study is that the use of a 4 multivariate method allowed us to describe the interaction of a large number of owner-5 dog dyads by the means of a single statistical model. These descriptive statistics are 6 widely used in ecological studies (e.g. Guisan, 2000) where a lot of field data are 7 available in order to give a unified description of the whole study area. We suggest that there is a variation to what extent owner-dog dyads form a unit. In the 14 present study we showed that dyadic behaviour can be studied not only in complex 15 situations (such as playing or mastering an obstacle course) but also in a very simple 16 situation. 17
The effect of the owners' personality on dog-human interaction 18
It was reported earlier (Kotrschal et al., 2009 ) that the higher the owner's score in 19 neuroticism, the greater their attachment was to their dogs. In parallel we revealed that 20 owners scoring higher in neuroticism use more commands and hand signs when making 21 the dog to perform a simple obedience task (sit and stay) which might be a sign of social 22 relatedness. The close social relationship of owners with their dogs associated with 23 neuroticism was also reported to be linked to low dyadic functionality by Kotrschal et 24 al. (2009) . Similarly we found that higher scores on neuroticism in owners were also 1 related to higher latencies when accomplishing the "Sit!" command in dogs. Braem & 2 Mills (2010) found also that with the handler giving additional verbal information 3 besides the command (that is comparable with the total verbal information in our test) 4 the dog's obedience decreased (comparable to latency of accomplishing the command 5 in the present experiment). 6
Owners scoring high in extraversion seem to have more extraverted dogs according to 7 a recent questionnaire survey (Turcsán, Kubinyi, Virányi, et al., 2011). Similarly, we 8 found that the owners' extraversion was positively associated with the dogs' looking at 9 the owner in the first test phase and their looking at the experimenter in the second 10 phase, while less social behaviours like looking at the ball were negatively related to 11 this personality trait. However, we also found previously unreported connections of the 12 owners' openness and agreeableness to the dog and owner behaviour: the owners'? 13 openness trait was positively related to the number of hand signs and commands they 14 used in the first test phase (total number of commands, attention getters, and verbs) 15 while dogs with highly agreeable owners spent more time looking at the ball in the 16 second test phase. 17
Dog-owner interaction in a broader sense 18
Our results showed a continuous distribution of the human-dog dyads along the RDA 19 dimensions. It seems that at least in the pet dog population available for testing, the Mitchell & Edmonson (1999) described how owners talk to their dogs in a play 6 situation. They found that many of them "chatted" to their dogs in quite a complex way 7 using repetitive talk. Similarly, we found that owners in this context used imperatives 8 (verbs) and attention getters the most frequently during the interaction. 9
It is also important to point out that, as we have seen, the owners' personality has an 10 impact on how the dogs behave, which might also bias the results of such cognitive tests 11 where the owners are allowed to participate actively (e.g. Elgier, Jakovcevic, Mustaca, 
